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A S T U D Y O F T H E E F F E C T O F P R E S S U R E 
O N T H E V I S I B L E S P E C T R U M O F O Z O N E 
I SUMMARY 
T h e a b s o r p t i o n s p e c t r u m o f o z o n e i n t h e v i s i b l e r e g i o n c o n s i s t s 
o f a n u m b e r o f r a t h e r d i f f u s e m a x i m a w h i c h u n d e r o r d i n a r y c o n d i t i o n s 
e x h i b i t n o f i n e s t r u c t u r e . T h e s e b a n d s h a v e b e e n f o u n d t o e x h i b i t a 
p r o n o u n c e d p r e s s u r e o r s o l v e n t s e n s i t i v i t y a t h i g h p r e s s u r e s o f a d m i x e d 
g a s o r s o l v e n t . 
T h i s r e g i o n o f t h e s p e c t r u m h a s h e r e t o f o r e b e e n i n v e s t i g a t e d o n l y 
b y u s e o f r a t h e r d i l u t e m i x t u r e s o f o z o n e i n o x y g e n , a n d t h e s e v e r a l i n ­
v e s t i g a t o r s h a v e o b t a i n e d r e s u l t s w h i c h i n s o m e r e s p e c t s v a r y q u i t e c o n ­
s i d e r a b l y . 
T h e p r e s e n t w o r k , t h e r e f o r e , w a s d o n e t o a c c o m p l i s h t h r e e s e p a ­
r a t e p u r p o s e s . F i r s t , b y w o r k i n g w i t h p u r e o z o n e , a n y p e r t u r b i n g i n ­
f l u e n c e o f f o r e i g n g a s w a s r e m o v e d , a n d a n a c c u r a t e g r a p h o f t h e m o l a r 
e x t i n c t i o n c o e f f i c i e n t s o f o s o n e i n t h e v i s i b l e r e g i o n w a s o b t a i n e d t o 
r e p l a c e t h e r a t h e r q u e s t i o n a b l e o n e s d e r i v e d f r o m w o r k d o n e o n d i l u t e 
m i x t u r e s . 
S e c o n d , t h e p o s s i b i l i t y t h a t u n d e r f a v o r a b l e c o n d i t i o n s o f l o w 
p r e s s u r e a n d l o n g o p t i c a l p a t h t h e m a x i m a i n t h e v i s i b l e r e g i o n m i g h t 
b e r e s o l v e d i n t o f i r a e s t r u c t u r e w a s i n v e s t i g a t e d , w o r k i n g w i t h a 1 7 
m e t e r c e l l a n d a t o n e m i l l i m e t e r p r e s s u r e . N o f i n e s t r u c t u r e w a s o b ­
s e r v a b l e u n d e r t h e s e c o n d i t i o n s . 
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T h i r d , t h e e f f e c t o n t h e a b s o r p t i o n s p e c t r u m c a u s e d b y t h e a d d ­
i t i o n o f v a r y i n g l o w p r e s u u r e s o f v a r i o u s g a s e s w a s s t u d i e d , a n d a n 
a t t e m p t w a s m a d e t o c o r r e l a t e t h e r e s u l t s w i t h t h e p r e s s u r e e f f e c t a t 
h i g h p r e s s u r e s . A s c o m p r e s s i n g g a s e s , o x y g e n , a r g o n , n i t r o g e n , c a r b o n 
d i o x i d e , w a t e r v a p o r , c a r b o n t e t r a c h l o r i d e v a p o r a n d o z o n e i t s e l f w e r e 
u s e d . 
T h e e f f e c t c a u s e d b y f o r e i g n g a s e s w a s f o u n d t o b e a c o m b i n a t i o n 
o f a t l e a s t t w o f a c t o r s : a p r e s s u r e e f f e c t a n d a d i p o l e f o r c e - f i e l d 
e f f e c t . T h e p r e s s u r e e f f e c t w a s f o u n d i n m e a s u r e m e n t s w i t h g a s e s w h i c h , 
b e c a u s e o f s y m m e t r y , c o u l d h a v e n o d i p o l e o r q u a d r u p o l e m o m e n t , a n d 
h e n c e n o f o r c e - f i e l d . T h e f o r c e - f i e l d e f f e c t w a s f o u n d o n l y i n t h o s e 
m e a s u r e m e n t s i n w h i c h t h e f o r e i g n g a s h a d a d i p o l e o r q u a d r u p o l e m o m e n t . 
I n t h e s e m e a s u r e m e n t s b o t h f o r c e - f i e l d a n d p r e s s u r e e f f e c t s a p p e a r e d . 
I n g e n e r a l , t h e e f f e c t o f t h e f o r e i g n g a s o n t h e s p e c t r u m o f 
o z o n e w a s f o u n d t o b e l e a s t a t a b o u t 6 0 0 0 a n g s t r o m s , i n c r e a s i n g a t 
i n c r e a s i n g d i s t a n c e f r o m t h i s r e g i o n . 
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I I I N T R O D U C T I O N 
A l t h o u g h t h e r e h a s b e e n e x t e n s i v e w o r k d o n e o n t h e a b s o r p t i o n 
s p e c t r u m o f o z o n e , m o s t o f i t h a s b e e n d o n e i n t h e u l t r a v i o l e t a n d 
i n f r a - r e d , a n d t h a t w h i c h h a s b e e n d o n e i n t h e v i s i b l e h a s b e e n d o n e 
u s i n g m i x t u r e s w h i c h w e r e o f r e l a t i v e l y l o w o z o n e c o n t e n t w i t h o x y g e n 
a l w a y s a s t h e d i l u e n t g a s . P o s s i b l y a s a r e s u l t o f t h i s t h e r e h a s b e e n 
a c o n s i d e r a b l e l a c k o f a c c o r d i n t h e c o n c l u s i o n s a r r i v e d a t b y t h e 
v a r i o u s w o r k e r s . A l s o , i t h a s b e e n f o u n d t h a t t h e s h a p e o f t h e a b s o r p ­
t i o n s p e c t r u m i s d e p e n d e n t o n t h e p r e s s u r e o f f o r e i g n g a s p r e s e n t i n t h e 
a b s o r b i n g c e l l . F o r t h e s e r e a s o n s , i t w a s t h o u g h t d e s i r a b l e t o m a k e a 
s e r i e s o f m e a s u r e m e n t s o n t h e s p e c t r u m o f p u r e o z o n e a t v a r y i n g p r e s s u r e s 
a n d u s i n g v a r i o u s f o r e i g n g a s e s a s c o m p r e s s i n g a g e n t s , t o s e e w h e t h e r 
u s e o f t h e p u r e g a s m i g h t n o t c a u s e a t l e a s t s o m e o f t h e d i f f i c u l t i e s 
a n d d i s c r e p a n c i e s o b s e r v e d i n w o r k w i t h t h e d i l u t e d g a s t o d i s a p p e a r . 
T h e o b j e c t s o f t h i s w o r k w e r e t h r e e f o l d . F i r s t , i t w a s d e s i r e d 
t o i n v e s t i g a t e t h e p o s s i b i l i t y t h a t u n d e r s u i t a b l e c o n d i t i o n s o f l o n g 
a b s o r b i n g p a t h l e n g t h s , l o w p r e s s u r e , a n d p u r e o z o n e , t h e m a x i m a w h i c h 
h a v e b e e n o b s e r v e d t o o c c u r a t 5 7 1 0 a n d 6 0 7 0 A n g s t r o m s i n t h e v i s i b l e 
a b s o r p t i o n s p e c t r u m m i g h t e x h i b i t f i n e s t r u c t u r e r e s o l v a b l e b y i n s t r u ­
m e n t s o f m e d i u m d i s p e r s i n g p o w e r . F r o m t h i s f i n e s t r u c t u r e , i f f o u n d , 
w o u l d b e c a l c u l a t e d f u r t h e r i n f o r m a t i o n r e g a r d i n g t h e p h y s i c a l s t r u c t ­
u r e o f t h e o z o n e m o l e c u l e , t o s u p p l e m e n t t h a t o b t a i n e d f r o m m e a s u r e m e n t s 
i n t h e i n f r a - r e d a n d u l t r a v i o l e t . 
S e c o n d , a s h a s b e e n m e n t i o n e d , t h e a b s o r p t i o n s p e c t r u m i n t h e 
v i s i b l e h a s b e e n f o u n d t o b e p r e s s u r e s e n s i t i v e . I n w o r k c o n d u c t e d h e r e , 
R o b i n s o n h a s f o u n d t h a t t h e m o l a r absorption of p u r e o z o n e i n s o l u t i o n 
u s i n g v a r i o u s s o l v e n t s i s l a r g e r t h a n t h a t o f t h e pure g a s a t com­
p a r a b l e p a r t i a l p r e s s u r e s , and he h a s o f f e r e d an e x p l a n a t i o n f o r t h i s 
e f f e c t . S i n c e t h e o z o n e s o l u t i o n c o r r e s p o n d s t o o z o n e i n an e x t r e m e l y 
h i g h p r e s s u r e o f f o r e i g n g a s , t h i s e f f e c t s u g g e s t e d t h a t t h e d i f f i c u l t i e s 
e n c o u n t e r e d i n work w i t h m i x t u r e s o f o z o n e i n o t h e r g a s e s m i g h t a t l e a s t 
i n p a r t be e x p l a i n e d on t h e b a s i s o f t h i s p r e s s u r e s e n s i t i v i t y . To com­
p l e m e n t t h i s work a t h i g h p r e s s u r e s i t was d e s i r e d t o m e a s u r e t h e e f f e c t 
on t h e a b s o r p t i o n s p e c t r u m o f pure o z o n e o f p r e s s u r e s r a n g i n g f rom z e r o 
t o s e v e r a l a t m o s p h e r e s , u s i n g v a r i o u s o t h e r g a s e s a s c o m p r e s s i n g a g e n t s . 
I t was t h o u g h t t h a t by t h i s means t h e d e p e n d e n c e of t h e a b s o r p t i o n c o ­
e f f i c i e n t s o f o z o n e on p r e s s u r e o f e x t e r n a l g a s m i g h t be f o u n d a s a 
f u n c t i o n o f p r e s s u r e o v e r t h e p r e s s u r e r a n g e z e r o t o a p p r o x i m a t e l y 2 0 0 -
2^0 a t m o s p h e r e s p r e s s u r e o f f o r e i g n g a s . From t h i s p r e s s u r e d e p e n d e n c y 
i t was hoped t h a t c o n c l u s i o n s m i g h t be drawn r e g a r d i n g t h e s t r u c t u r e o f 
t h e o z o n e m o l e c u l e i n t h e g r o u n d s t a t e , e x c i t e d s t a t e s , and p o s s i b l e 
t r a n s i t i o n m e c h a n i s m s . 
T h i r d , s i n c e t h e r e i s s t i l l d i s a g r e e m e n t a s t o t h e a c t u a l 3 h a p e 
o f t h e a b s o r p t i o n c u r v e o f o z o n e i n t h e v i s i b l e r e g i o n , i t was hoped 
t h a t by u s e o f pure o z o n e w i t h no c o r n p r e s s a n t p r e s e n t , and c a r e f u l 
m e a s u r e m e n t s o f e x t i n c t i o n c o e f f i c i e n t s , a r e l i a b l e g r a p h o f t h e e x ­
t i n c t i o n c o e f f i c i e n t c u r v e w h i c h w o u l d be c o r r e c t i n c o n t o u r a s w e l l 
a s i n m a g n i t u d e m i g h t be o b t a i n e d . 
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I I I L I T E R A T U R E S U R V E Y 
A c o n s i d e r a b l e a m o u n t o f w o r k h a s b e e n d o n e o n t h e a b s o r p t i o n 
s p e c t r u m o f o z o n e , i n t h e i n f r a - r e d , v i s i b l e , a n d t h e u l t r a v i o l e t r e g i o n s 
a s w e l l a s a s m a l l a m o u n t o f r e c e n t w o r k w i t h e l e c t r o n d i f f r a c t i o n 
t e c h n i q u e s . T h e u l t r a v i o l e t h a s b e e n m o s t e x t e n s i v e l y s u r v e y e d , p o s s ­
i b l y b e c a u s e o f i t s i m p o r t a n c e i n r e f e r e n c e t o a t m o s p h e r i c s t u d i e s , a n d 
a l s o b e c a u s e o f t h e g r e a t e r a b s o r p t i o n c o e f f i c i e n t s o f o z o n e i n t h i s 
r e g i o n a s c o m p a r e d t o t h e v i s i b l e a n d i n f r a - r e d . O z o n e i n t h e u l t r a ­
v i o l e t e x h i b i t s w e l l d e f i n e d v i b r a t i o n a l f i n e s t r u c t u r e a n d s h a r p , c l e a n 
b a n d s y s t e m s , v / h e r e a s i n t h e v i s i b l e r e g i o n t h e b a n d s a r e q u i t e d i f f u s e 
a n d h a z y . 
T h e b a n d s i n t h e u l t r a v i o l e t h a v e b e e n w e l l t a b u l a t e d a n d o r d e r e d 
b y s e v e r a l w o r k e r s . N y a n d C h o o n g ^ h a v e m e a s u r e d t h e e x t i n c t i o n c o ­
e f f i c i e n t s f o r o z o n e m i x t u r e s i n t h e r a n g e 2 0 0 0 - 3 ^ 0 0 A n g s t r o m s , u s i n g a 
2 
h i g h d i s p e r s i o n q u a r t z s p e c t r o g r a p h a n d p h o t o m e t r i c t e c h n i q u e s . V a s s y , 
L e f e b v r e , 3 H a r b i e r a n d C h a l o n g e , ^ a n d o t h e r s a l s o h a v e d e t e r m i n e d e x -
T . N y a n d S . C h o o n g , " L 1 a b s o r p t i o n d e l a L u m i e r e p a r O z o n e e n t r e 
3 0 5 0 e t 3 h 0 0 A n g s t r o m s ( R e g i o n d e s B a n d e s d e M u g g i n s ) , " C o m p t e s h e n d u s 
d e s I ' e a n c e s d e 1 ' A c a d e t n i e d e s S c i e n c e s , 1 9 5 : 3 0 9 1 ( 1 9 3 2 ) 
V a s s y , " I n f l u e n c e d e l a T e m p e r a t u r e s u r l e S p e c t r e d * A b s o r p ­
t i o n d e 1 ' O z o n e , " C o m p t e s R e n d u s d e s S e a n c e s d e l ' A c a d e m i e d e s S c i e n c e s , 
2 0 2 : 1 A 2 6 , ( 1 9 3 6 ) 
3 l . L e f e b v r e , " S u r l e i ) e p r e s s i o n d e C e r t a i n e s B a n d e s d u S p e c t r e 
d e 1 ' O z o n e s o u s 1 ' A c t i o n d u F r o i d , " C o m p t e s R e n d u s d e s n . e a n c e s d e 
l ' A c a d e m i e d e s S c i e n c e s , 1 9 9 J U5t>, ( 1 9 3 5 ) 
^ D . B a r b i e r a n d D . C h a l o n g e , " S u r l e s C o e f f i c i e n t s d ' A b s o r p t i o n 
d e 1 ' O z o n e d a n s l a R e g i o n d e s B a n d e s d e H u g g i n s , " A n n a l e s d e P h y s i q u e , 
1 7 : 2 7 2 , ( 1 9 4 2 ) 
tinction coefficients in this region in the course of other work with 
pressure and temperature sensitivity of the spectrum, without attempting 
extensive theoretical analyses of their findings. 
The infra-red band systems of ozone have been tabulated by 
various workers, and theoretical analyses of their results have been 
attempted, with not the highest order of agreement. Adel and Dennison^  
have analyzed the fine structures of the 1 4 . 6 mu band and on their con­
clusions base a proposal of an acute isosceles triangle as a model for 
the ozone molecule. They give the apical angle as 3 4 ° > base bond length 
as 1 angstrom and sides as 1 . 6 9 Angstroms. 
Shand and Spurr^ 5 on the basis of electron diffraction measure­
ments, propose an obtuse model with apical angle 1 2 7 ° and side bonds 
1 . 2 6 Angstroms, which would require an extremely long 2 . 2 5 'angstroms 
base bond. 
7 
G-lockler and Matlack s u g g e s t that an acute triangle with apical 
angle 5 2 , 1 . 4 5 Angstroms base and 1 . 2 1 Angstroms sides best fits the 
bond energy and infra-red requirements as deduced from thermodynamic 
considerations. 
On the basis of a bond energy versus bend distance chart for 
Adel and D , Dennison, "Notes on the Infra-red Spectrum and 
Molecular Structure of Ozone," Journal of Chemical Physics, 1 4 : 3 7 9 , ( 1 9 4 6 ) 
W^. Shand and P., Spurr, "The Molecular Structure of Ozone," 
Journal of the American Chemical Society, 6 5 : 1 7 9 , ( 1 9 4 3 ) 
7 
G-lockler and G. Matlack, "The Force Constants of Ozone," 
Journal of Chemical Physics, 1 4 : 5 3 1 , ( 1 9 4 6 ) 
7 
g 
the oxygen bonds. Eberhardt proposes an obtuse triangle with apical 
angle of 1 0 0 ° and sides 1 . 2 7 Angstroms. 
The work in visible regions, although begun at an earlier date, 
is somewhat less extensive than in tide other two regions, Chappuis9 
in 1 8 8 0 observed that the visible absorption spectrum of ozone ex­
hibited a series of diffuse maxima, which disappeared on heating. In 
1 9 0 6 , Ladenberg and Lehmann"*"0 tabulated the bands in the visible region,, 
Colange^  in 1 9 2 7 measured the extinction coefficients of ozone in 
12 
dilute ozone-oxygen mixtures. In the period following 1937 Vassy 
and others have published a series of papers on extinction coefficients 
for such mixtures, which in general are directed toward atmospheric 
studies. In 1947 Humphrey and Badger-^  published a series of measure­
ments on the visible spectrum, done at high dispersion, to measure temp­
erature sensitivity of the spectrum and also to examine it for possible 
fine structure. In common with all reported earlier work, they employed 
W^, Eberhardt, Private Communication 
Chappuis, "Sur le Spectre 1'absorption de I1Ozone," Comptes 
Rendus des Seances de l'Academie des Sciences, 91 : 9 ^ 5 , ( i 8 6 0 ) 
l^ E. Ladenberg and Lehmann, "Uber Versuche mit Hochprozentigem 
Oaon," annalen der Physik, ( 4 ) 2 1 : 3 0 5 , ( 1 9 0 6 ) 
*^MU Colange, "Etude de 1'Absorption par 1'Ozone dans le Spectre 
Visible," Journal de Physique et la Radium, ( 6 ) 8 : 2 5 4 , ( 1 9 2 7 ) 
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A. Vassy, "Coefficients d'Absorption de 1'Ozone dans la Region 
des Bandes de Chap puis,1 Comptes Rendus des Seances de l ' A c a d e m i e des 
Sciences , 2 0 6 : 1 6 3 8 , ( 1 9 3 8 ) 
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Humphrey and R. Badger, "Absorption Spectrum of Ozone" 
Journal of Chemical Physics,15: 794, ( 1 9 4 6 ) 
8 
G . R o b i n s o n , T h e s i s , G e o r g i a i n s t i t u t e o f T e c h n o l o g y ( 1 9 4 9 ) 
a r a t h e r d i l u t e m i x t u r e o f o z o n e a n d o x y g e n . 
T h e r e s u l t s o f t h e s e v a r i o u s m e a s u r e m e n t s a r e i n g e n e r a l n o t t o o 
c o n c o r d a n t . T h e m a j o r a b s o r p t i o n p e a k s a t 5 7 7 0 a n d 6 0 1 0 . n g s t r o m s a r e 
w e l l a g r e e d u p o n , b u t m i n o r m a x i m a a r e r e p o r t e d v a r i o u s l y a s p r e s e n t o r 
a b s e n t . F o r i n s t a n c e , ^ o l a n g e d e s c r i b e d a s e r i e s o f s m a l l m a x i m a a t 4 6 5 0 , 
4 7 5 0 , 4 8 O O , 4 9 0 0 , 5 0 5 0 , 5 1 5 0 , 5 3 5 0 , 5 4 5 0 , 5 7 0 0 , 6 0 1 0 , a n d 6 2 5 0 a n g s t r o m s . 
O f t h e s e , V a s s y r e p o r t s o n l y t h e m a j o r m a x i m a a t 5 0 5 0 , 5 3 5 0 , 5 7 0 0 a n d 
• 
6 0 1 0 A n g s t r o m s , t h e o t h e r s n o t a p p e a r i n g . R o b i n s o n a l s o r e p o r t s o n l y 
t h e s e m a x i m a . G r a p h s o f t h e s e r e s u l t s a r e s h o w n i n A p p e n d i x I V . I t 
s e e m s p r o b a b l e t h a t a t l e a s t a m a j o r i t y o f t h e m i n o r m a x i m a r e p o r t e d b y 
C o l a n g e a r e a c t u a l l y p r e s e n t , a n d w e r e m i s s e d b y t h e o t h e r w o r k e r s a s a 
r e s u l t o f t a k i n g p o i n t s t o o w i d e l y s e p a r a t e d t h r o u g h w h i c h t o d r a w t h e i r 
c u r v e s . T h e r e i s a l s o t h e p o s s i b i l i t y t h a t t h e s e m a x i m a , d u e t o t h e i r 
e x t r e m e w e a k n e s s , w e r e p h y s i c a l l y m a s k e d b y t h e s t r o n g e r m a x i m a i n t h e 
c a s e s v / h e r e p h o t o g r a p h i c d e n s i t o m e t r y w a s e m p l o y e d t o f i n d e x t i n c t i o n 
c o e f f i c i e n t s . 
9 
E. V/ulf and R. Karrer,"Preparation of Pure Ozone and Determin-
of its : olecular Weight,1' Journal of the American Chemical 
Society, LU\'- 2 3 9 1 , ( 1 9 2 2 ) 
IV APPARATUS 
In general, the apparatus for preparation and purification of 
liquid ozone is similar to that employed by ,!.'ulf and Karrer^ but with 
minor modifications. The train consisted of a safety trap to prevent 
back pressure forcing sulfuric acid into the oxygen reducer valve, a 
sulfuric acid bubble column and a i5 0 _ drying tube to remove any water 
2 5 
vapor, a fritted glass filter to remove dust, the ozonizer itself, a 
refrigerated trap for oxides of nitrogen, the condensing cell, and con­
nections to vacuum pump. This train is shown in Figures 1 and 2 . Of 
the component parts, the drying section and fritted filter are standard 
design. The ozonizer, however, is a new and highly efficient modifi­
cation of the customary Siemens type ozonizer, the point of interest 
being that in place of silvered or tinfoil electrodes the inner finger 
is filled with water, and v/ater circulates through a sealed-on outer 
jacket, electrical connections being made to these volumes of w a t e r . 
The outer circulating v/ater serves also to cool the ozonizer and in­
crease its efficiency. 
A high voltage X-ray transformer whose primary voltage is con­
trolled through an autotransformer is used as a source of potential, the 
ground side being connected to the outer jacket and grounded to the 
water pipes. The nitrogen oxides trap consists of a helix of glass 
tubing immersed in a Dewar flask of dry ice-methanol freezing mixture. 
Since any nitrogen present in the ozonized gas is immediately and 
quantitatively oxidized to nitrogen pentoxide, and at the temperature 
provided by the freezing bath nitrogen pentoxide is a solid with a 
vapor pressure of about .01 milimeters, this is a sufficient trap. 
The condensing cell, shown in figure 2, consists of a 25 milli­
liter ^ rlenmeyer flask with the neck lengthened and connected with inlet 
and outlet tubes as shown. ""his cell was mounted so that a e^war flask 
of liquid nitrogen could readily be placed in position to cool the cell. 
Since liquid ozone is a fairly shock-sensitive high explosive, provision 
was made to adjust the coolant level mechanicaly. The Dewar flask was 
carried on a smal elevator mechanism which consisted of a flat plate 
secured to a nut which traveled on a vertical lead screw, but was pre­
vented from rotation by a vertical detent, us the lead screw was driven 
in either direction by a smal reversible electric motor, the platform 
was driven either up or down, adjusting the level of coolant relative 
to the condensing cell. A lir5 RPM motor was used, which made the total 
transit time from top to botom about 15 seconds, permitting fairly fine 
adjustment of the level of liquid nitrogen and hence good control of 
the fractionation process. The entrance and exit tubes of the condensing 
cell were connected to explosion traps to protect the rest of the appa­
ratus in case of ozone explosions. These traps consisted of sections of 
large bore tubing on which were blown bulbs which were alowed to cool 
rapidly, creating strains. These bulb-tubes were connected to the rest 
of the ozonizing train through short lengths of capilary tubing. The 
capilary sections alowed the gas to flow as long as the flow was nor­
mal, but gave an effectively solid barrier to the shock wave of explosion, 
while the strain-weakened bulb-tubes shatered easily to relieve the 
1 1 
p r e s s u r e . In a c t u a l p r a c t i c e t h i s device worked exac t ly as a n t i c i p a t e d , 
confining s eve ra l explos ions to the a c t u a l condensing c e l l . The e n t i r e 
assembly of e l e v a t o r , condensing c e l l , and explosion t r a p s was sh ie lded 
by a. pane of armor g l a s s hingeg to a frame which contained the condens­
ing assembly. The deb r i s from an explosion was thus prevented from f l y ­
ing about and doing poss ib l e f u r t h e r damage. The complete ozonizing and 
pur i fy ing t r a i n i s shown in P l a t e s I and I I , 
Three o p t i c a l c e l l s were used during the course of the r e s e a r c h . 
The f i r s t was a tube of 1 2 m i l l ime t e r g l a s s , 1 1 7 cen t imeters long, with 
o p t i c a l g l a s s windows sealed on the ends, and p r o v i d e d with a m a n i f o l d 
to allow evacuat ion of the c e l l and en t ry of metered amounts of ozone 
and o ther gases , with decomposers to p r o t e c t the manometer and vacuum 
pump. The decomposers cons i s ted of tubes of g ranu la r soda lime heated 
by e l e c t r i c windings and covered with a sbes tos paper. The temperature 
was c o n t r o l l e d by c o n t r o l l i n g the hea t e r cu r ren t through a " a r i a c . The 
manometer used was a simple vacuum U tube mercury manometer reading to 
s l i g h t l y over one atmosphere. With care t h i s manometer could be read 
to .5 m i l l i m e t e r s . The manifold was made of 5 m i l l ime te r tub ing . 
S i l i cone stopcock grease was used on a l l s topcocks , and was found to 
be s a t i s f a c t o r y so long as no heat was nearby, and so long as the old 
grease was thoroughly cleaned off before new grease was a p p l i e d . 
The second c e l l employed was cons t ruc ted of 1 2 m i l l ime te r t ub ing , 
with c e l l windows a t t ached b; means of ground g l a s s j o i n t s . "he c e l l 
was o r i g i n a l l y in the form of a U, of about 1 7 meter leg l eng th . I t was 
proposed to send l i g h t clown one leg of the U, r e f l e c t i t around the 
U and out the o ther l eg in to the spec t rograph . At f i r s t i t was p ro-
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p o s e d t o d o t h i s b y s i l v e r i n g t h e U a n d a d j a c e n t s t r a i g h t p o r t i o n s , b u t 
l i g h t l o s s e s w e r e p r o h i b i t i v e . A s e t o f w i n d o w s a n d a c o n n e c t i n g t u b e 
b e i n g p u t i n p l a c e o f t h e U , a n a t t e m p t w a s m a d e t o r e f l e c t t h e l i g h t 
b a c k b y m i r r o r s , Vi'hen t h i s a l s o f a i l e d , t h e l i g h t s o u r c e w a s p l a c e d 
i n b a c k o f t h e r e t u r n h a l f o f t h e c e l l a n d o n l y t h i s h a l f w a s a c t i v e l y 
U 3 e d , T h e m a n i f o l d a n d d e c o m p o s e r s f o r t h i s c e l l w e r e e s s e n t i a l l y t h e 
s a m e a s t h o s e f o r t h e f i r s t c e l l , e x c e p t t h a t i n t h i s c a s e t h e m a n i f o l d 
h a d s o m e w h a t m o r e v o l u m e t h a n t h e c e l l , s i n c e t h e i d l e h a l f o f t h e c e l l 
w a s i n c o r p o r a t e d i n t h e m a n i f o l d . T h i s w a s f o u n d t o b e a s e r i o u s d r a w ­
b a c k t o t h e u s e o f t h i s c e l l . T h e e n t i r e c e l l w a s c a s e d i n a l u m i n u m 
c o n d u i t w h i c h r e s t e d i n s i d e c o p p e r t u b i n g , w h i c h i n t u r n w a s h u n g f r o m 
b e n c h s u p p o r t s . T h e t u b e w a s h u n g i n s l i n g s w h i c h w e r e a d j u s t a b l e 
l a t e r a l l y a n d v e r t i c a l l y f o r t r u i n g u p t h e c e l l . T h e g l a s s w a s i n s e r t e d 
a n d s e a l e d t o g e t h e r f r o m f o u r f o o t l e n g t h s , a n d t e s t e d f o r l e a k s a t e a c h 
s e a l a s i t w a s m a d e . T h e c e l l c o u l d m a i n t a i n a v a c u u m o f l e s s t h a n o n e 
m i l l i m e t e r f o r o v e r a w e e k w h e n i n p r o p e r o p e r a t i n g c o n d i t i o n . 
T h e t h i r d c e l l w a s m a d e o f a s e c t i o n o f 2 2 m i l l i m e t e r t u b i n g 1 2 1 
c e n t i m e t e r s l o n g , w i t h o p t i c a l w i n d o w s s e a l e d o n t h e e n d s . C e r t a i n 
c h a n g e s w e r e m a d e i n t h e m a n i f o l d f r o m t h a t o f t h e f i r s t c e l l t o e l i m ­
i n a t e a d i f f i c u l t y w h i c h a r o s e d u r i n g e n t r y o f c o m p r e s s i n g g a s , n a m e l y 
a c h a n g e i n a m o u n t o f o z o n e i n t h e o p t i c a l p a t h . A l s o , a h e a t e d c a p ­
i l l a r y s p i r a l w a s s u b s t i t u t e d f o r t h e s o d a l i m e t u b e i n t h e m a n o m e t e r 
d e c o m p o s e r t o p r e v e n t p o s s i b l e d i s p e r s i o n o f s o d a l i m e d u s t t h r o u g h o u t 
t h e c e l l a n d m a n i f o l d a s a r e s u l t o f s u d d e n s u r g e s o f g a s t h r o u g h t h e 
d e c o m p o s e r . T h e s p i r a l w a s h e a t e d b y e l e c t r i c w i n d i n g s a s w a s t h e s o d a 
l i m e t u b e „ 
1 3 
B o t h s h o r t c e l l s w e r e m o u n t e d b e h i n d a s a f e t y s h i e l d o n a n 
o p t i c a l b e n c h m a d e o f b i n c h C b e a m s l o t t e d a c c u r a t e l y . O n t h e t h i r d 
c e l l , p r o v i s i o n w a s m a d e f o r c o o l i n g t h e c e l l w i t h d r y i c e b y b u i l d i n g 
a t r o u g h a r o u n d t h e c e l l a n d c l o s i n g t h e e n d s o f t h e t r o u g h w i t h b l o c k s 
t h r o u g h w h i c h t h e e n d s o f t h e c e l l e x t e n d e d . 
T h e f i r s t a n a l y t i c a l i n s t r u m e n t u s e d w a s a C e n c o g r a t i n g s p e c t o -
g r a p h o f 1 0 9 c e n t i m e t e r s f o c a l l e n g t h , d i s p e r s i o n 1 5 * 9 a n g s t r o m s p e r 
m i l l i m e t e r , e m p l o y i n g a r e p l i c a r e f l e c t i o n g r a t i n g . A s c o n s t r u c t e d , t h e 
i n s t r u m e n t r e q u i r e d 2z b y 1 1 i n c h p l a t e s , w h i c h w e r e u n a v a i l a b l e . 
C o n s e q u e n t l y , t h e p l a t e h o l d e r w a s a l t e r e d t o u s e 3 5 m i l l i m e t e r s p e c t o -
g r a p h i c f i l m . T h e m a c h i n e w a s m o u n t e d a n d f o c u s s e d , a n d a l i g n e d b y u s e 
o f a n i r o n a r c a n d l a t e r a m e r c u r y a r c l a m p , w h i c h w a s u s e d a s a s t a n d ­
a r d . N i n e e x p o s u r e s c o u l d b e m a d e o n e a c h s t r i p o f f i l m , u s i n g a n 
a p e r t u r e o f 1 . 5 m i l l i m e t e r s o n t e f i l m m a s k . A n e l e c t r i c a l t i m i n g 
s h u t t e r w a s c o n s t r u c t e d f o r t h e s p e c t r o g r a p h s o t h a t a l l e x p o s u r e s 
s h o u l d b e f o r t h e s a m e t i m e . T h e s l i t m e c h a n i s m o f t h e s p e c t r o g r a p h 
w a s c o v e r e d b y a n a l u m i n u m p l a t e w h i c h h a d a h o l e i n i t p l a c e d j u s t 
t o a l l o w l i g h t t o p a s s t h r u i t a n d s t r i k e t h e s l i t . T h i s h o l e w a s 
o r d i n a r i l y c o v e r e d b y a l i g h t a l u m i n u m p l a t e , b u t d u r i n g a n e x p o s u r e , 
t h e p l a t e w a s m o v e d a s i d e b y a n a c t u a t o r m e c h a n i s m . T h i s w a s c o n ­
s t r u c t e d b y r e m o v i n g t h e c o n t a c t s f r o m a h e a v y r e l a y a n d u s i n g t h e 
c o i l s a n d r o c k e r a s a c t i v a t o r f o r t h e s h u t t e r i t s e l f t h r u a l e v e r 
a r r a n g e m e n t . T h e e x p o s u r e t i m e w a s t h u s t h e s a m e a s t h e t i e o f 
e n e r g i z i n g o f t h e r e l a y c o i l . A c o n s t a n t s p e e d g e a r t r a i n d r i v i n g 
a cam w h i c h w a s f o l l o w e d b y a m i c r o - s w i t c h p r o v i d e d t h e t i m e r . I t 
w a s f o u n d t h a t w i t h t h i s m e c h a n i s m , e x p o s u r e s w e r e r e p r o d u c i b l e i n 
time to the l i m i t of stopwatch accuracy. The exposure time used was 
3 1 . 6 seconds. 
A mercury arc was used as s tandard of wavelength on the f i r s t 
c e l l , an i ron arc v/as used for c e l l s two and t h r e e . f;"heae were mounted 
to one s ide of the spect rograph and t h e i r l i g h t d i r e c t e d in to the s l i t 
by a mi r ro r . As l i g h t source , w i t h the f i r s t c e l l a microscope lamp 
using a 1 0 0 watt f r o s t ed incandescent bulb was used. i t h c e l l two, a 
1 0 0 0 wat t p r o j e c t i o n bulb run a t 9 5 v o l t s was used with a concave r e ­
f l e c t o r , '. 'ith the t h i r d c e l l , a 1 0 0 watt p ro j ec t i on bulb was used in a 
m i c r o s c o p e l a m p h o u s i n g , f o c u s s e d by m e a n s o f a q u a r t z l e n s . T h e s e 
lamps were mounted in place r i g i d l y with r e spec t to the c e l l . 
In order to eva lua te the f i lms obtained by use of the s p e c t r o ­
graph, i t was necessary to cons t ruc t a rnicrophotometer. A view of the 
completed ins t rument i s given in P l a t e IV. The machine c o n s i s t s of a 
mechanical f i lm c a r r i e r , an o p t i c a l as .embly, an ampl i f i e r and a r e ­
corder . The f i lm c a r r i e r c o n s i s t s of a s t e e l box base with one p re ­
c i s i o n ground vee t r ack and one p r e c i s i o n ground f l a t t r a c k . On these 
t r a cks r i d e a t h r ee whe*] c a r r i a g e , the two f ron t wheels being shaped 
so as to engage the vee t r ack and keep the ca r r i age in r i g i d a l ignment . 
P rov i s ion was made by means of a dove ta i l ed c r o s s - s l i d e c o n t r o l l e d by 
a feed screw for t r a v e r s i n g the film l a t e r a l l y ac ross the f i e l d of view. 
A s l o t one inch by t en inches cut i n the ca r r i age allowed exposure of 
the e n t i r e f i lm to the o p t i c a l path . Longi tudina l motion of the c a r r ­
iage was obtained by means of a metr ic lead screw, through a detachable 
c l u t c h . The lead screw had a hand wheel graduated in 1 0 micron u n i t s , 
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A N D W A S D R I V E N T H R U A S E R I E S O F R E D U C T I O N G E A R S B Y A S M A L L C O N S T A N T -
S P E E D M O T O R . B Y S U I T A B L E I N T E R C H A N G E O F G E A R S I N T H E G E A R T R A I N , S P E E D S 
V A R Y I N G F R O M A M I L L I M E T E R S P E R H O U R T O 6 0 M I L L I M E T E R S P E R H O U R W E R E O B ­
T A I N A B L E F O R T H E C A R R I A G E . 
A T T H E R E A R O F T H E B A S E W A S A T T A C H E D A P E D E S T A L T O W H I C H W A S S E ­
C U R E D T H E O P T I C A L T U B E O F A C O M P A R A T O R M I C R O S C O P E , A S I X V O L T L I G H T 
B U L B , P O W E R E D T H R U A V A R I A C , I N A H O U S I N G A T T H E R E A R O F T H E P E D E S T A L 
W A S A R R A N G E D T O S E N D L I G H T T H R U A S H U T T E R A P E R T U R E I N T H E P E D E S T A L O N T O 
A M I R R O R W H I C H R E F L E C T E D I T U P T H R U A C O N D E N S E R L E N S O N T O T H E F I L M . 
T H E C O N D E N S E R L E N S W A S A D J U S T A B L E F O R F O C U S B Y M E A N S O F A V E R T I C A L T R A C K 
D O V E T A I L E D T O T H E R E A R R A I L , W H I C H S U P P O R T E D T H E C O N D E N S E R M O U N T , A N D 
A D R I V E S C R E W G E A R E D T O A K N O B O N T H E F R O N T O F T H E B A S E . T H E E Y E P I E C E 
O 
W A S R E M O V E D F R O M T H E M I C R O S C O P E A N D A A 5 M I R R O R A R R A N G E D T O R E F L E C T T H E 
L I G H T O N T O A N A D J U S T A B L E S L I T B E H I N D W H I C H W A S A V A C U U M P H O T O E M I S S I V E 
C E L L I N A N O T H E R W I S E L I G H T - T I G H T H O U S I N G . T H E O U T P U T O F T H I S C E L L W A S 
A M P L I F I E D B Y A T) C A M P L I F I E R A N D S E N T T O T H E R E C O R D E R , W H I C H W A S A 
B R O W N T . L E C T R O N I K R E C O R D I N G P O T E N T I O M E T E R . T H E P O W E R S O U R C E F O R T H E S E 
E L E C T R I C I N S T R U M E N T S W A S A S O L A C O N S T A N T - V O L T A G E T R A N S F O R M E R . A N A U T O ­
M A T I C M A R K I N G D E V I C E W A S I N C O R P O R A T E D I N T H E M I C R O P H O T O M E T E R , T O F U R N I S H 
A R E L I A B L E D I S T A N C E S C A L E O N T H E R E C O R D E R C H A R T T O C O R R E S P O N D T O A 
D I S T A N C E S C A L E O N T H E M I C R O P H O T O M E T E R C A R R I A G E A N D T H U S E N A B L E E A S Y A N D 
R A P I D D E T E R M I N A T I O N O F A W A V E L E N G T H S C A L E O N T H E C H A R T F R O M T H E F I D U C I A L 
E X P O S U R E O N T H E F I L M . T H I S M A R K I N G D E V I C E W A S A L O N G P E R I O D R E L A X A T I O N 
O S C I L L A T O R , C H A R G I N G A F O U R M I C R O F A R A D C A P A C I T O R T H R U A V A R I A B L E 1 0 0 
M E G O H M R E S I S T O R , T O T H E F I R I N G V O L T A G E O F A N E O N L A M P . A M I C R O - S W I T C H 
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a c t u a t e d b y a d e p r e s s i o n o n t h e l e a d s c r e w o f t h e m i c r o p h o t o m e t e r k e p t 
t h e f i r i n g c i r c u i t o p e n e x c e p t f o r a m o m e n t d u r i n g e a c h r e v o l u t i o n a s 
t h e z e r o o n t h e h a n d w h e e l w a s r e a c h e d . h e n s u f f i c i e n t c h a r g e w a s 
s t o r e d t o f i r e t h e t u b e , t h e c u r r e n t w h i c h f l o w e d e n t e r e ' i t h e a m p l i f i e r 
o f t h e m i c r o p h o t o m e t e r a s a b l i p o f e l e c t r i c i t y w h i c h s u f f i c e d t o c a u s e 
t h e r e c o r d e r p e n t o m a k e a v e r y r a p i d e x c u r s i o n a w a y f r o m a n d b a c k t o 
i t s p o i n t o f b a l a n c e , m a k i n g a f i n e p o i n t e d " t o o t h : i o n t h e t r a c e . S i n c e 
t h i s c o u l d o n l y c o m e a t a n i n t e g r a l n u m b e r o f r e v o l u t i o n s o f t h e l e a d 
s c r e w , a n d w a s a d j u s t a b l e t o s o m e e x t e n t b y v a r y i n g t h e r e s i s t a n c e i n 
t h e o s c i l l a t o r , i t w a s p o s s i b l e t o h a v e a c o m p l e t e l y t r u s t w o r t h y s c a l e 
a u t o m a t i c a l l y r e c o r d e d d i r e c t l y o n t h e c h a r t b e i n g m a d e . 
A f t e r m u c h c a r e f u l e f f o r t h a d b e e n e x p e n d e d , i t w a s d e c i d e d t h a t 
t h e s p e c t r o g r a p h w a s n o t s u i t a b l e f o r t h e w o r k a t h a n d , f o r a r e a s o n 
g i v e n i n A p p e n d i x I. H e n c e a B e c k m a n DU q u a r t z s p e c t r o p h o t o m e t e r w a s 
e m p l o y e d f o r t h e r e m a i n d e r o f t h e w o r k , b o t h a s a n o n - r e c o r d i n g i n ­
s t r u m e n t a n d a f t e r a l t e r a t i o n t o m a k e i t r e c o r d i n g . T h e c h a n g e s a n d 
a d d i t i o n s n e c e s s a r y t o m a k e i t r e c o r d i n g a r e d e s c r i b e d i n A p p e n d i x VI. 
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V EXPERIMENTAL TECHNIQUE 
T o p r e p a r e o z o n e , I t w a s n e c e s s a r y o n l y t o f i l l t h e n i t r o g e n 
t r a p w i t h d r y i c e - m e t h a n o l m i x t u r e , p l a c e a D e w a r f l a s k o f l i q u i d 
n i t r o g e n a r o u n d t h e c o n d e n s i n g c e l l , t u r n o n t h e c i r c u l a t i n g w a t e r i n 
t h e o z o n i z e r , t u r n o n t h e o x y g e n v a l v e s , a n d s w i t c h o n t h e h i g h v o l t ­
a g e t r a n s f o r m e r . / h e r a t e o f f l o w o f t h e o x y g e n t h r o u g h t h e o z o n i z e r 
s e e m e d t o b e f a i r l y i n d e p e n d e n t o f t h e c o n c e n t r a t i o n o f o z o n e p r o d u c e d , 
s o t h a t a f a i r l y r a p i d b u b b l i n g , r a p i a e n o u g h to c a u s e f r o t h i n t h e s u l ­
f u r i c a c i d t u b e , s t i l l y i e l d e d a m i x t u r e h i g h i n o z o n e c o n t e n t . A l ­
t h o u g h a q u a n t i t a t i v e a n a l y s i s o f t h e m i x t u r e f o r m e d b y t h i s a p p a r a t u s 
h a s n o t b e e n p e r f o r m e d , r o u g h c a l c u l a t i o n s o n v a p o r p r e s s u r e a n d t i m e s 
o b s e r v e d g i v e v a l u e s r a n g i n g u p t o 12 p e r c e n t . I t w a s o n l y n e c e s s a r y 
t o b e s u r e t o m a i n t a i n t h e l i q u i d n i t r o g e n l e v e l a t a b o u t t h e b o t t o m o f 
t h e c o n i c a l s e c t i o n o f t h e ' n ' r l e n m e y e r f l a s k t o g e t i m m e d i a t e a n d a b u n d ­
a n t c o n d e n s a t i o n o f d a r k b l u e l i q u i d o z o n e , w i t h v e r y l i t t l e o f t h e 
l i g h t e r b l u e l i q u i d o x y g e n i n e v i d e n c e . 
A f t e r s u f f i c i e n t o z o n e f o r t h e p u r p o s e a t h a n d h a d b e e n g e n e r a t e d , 
w h i c h t o o k a b o u t t w o h o u r s , t h e o z o n i z e r w a s t u r n e d o f f , a s t o p c o c k 
b e t w e e n t h e n i t r o g e n t r a p a n d t h e c o n d e n s i n g c e l l c l o s e d , t h e c e l l i m ­
m e r s e d v / e l l i n t o t h e l i q u i d n i t r o g e n a n d v a c u u m a p p l i e d t o f r a c t i o n a t e 
o f f t h e l i q u i d o x y g e n a t t h e t e m p e r a t u r e o f l i q u i d n i t r o g e n . A t t h i s 
t e m p e r a t u r e , o z o n e h a s a v a p o r p r e s s u r e o f o n l y . 0 1 m i l l i m e t e r s , o x y g e n 
a v a p o r p r e s s u r e o f 1 6 2 m i l l i m e t e r s , a n d n i t r o g e n o f c o u r s e , a v a p o r 
p r e s s u r e o f 7 6 0 m i l l i m e t e r s . S i n c e o x y g e n a n d o z o n e f o r m a t w o p h a s e 
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s y s t e m , o n e o f o z o n e i n o x y g e n a n d o n e o f o x y g e n i n o z o n e , a n d t h e 
o z o n e i n o x y g e n p h a s e i s l i g h t e r , i t w a s e a s y t o d i s t i l o f f e s s e n ­
t i a l l y a l l o f t h e o x y g e n , l e a v i n g p u r e l i q u i d o z o n e b e h i n d . T h e 
c o m p l e t i o n o f t h e r e m o v a l o f o x y g e n w a s s i g n a l e d b y a s u d d e n a n d r a p i d 
d r o p o f t h e p r e s s u r e f r o m a b o u t 1 6 c e n t i m e t e r s t o p r a c t i c a l l y z e r o . 
W h e n t h i s d r o p w a s r e a c h e d , a f e w m i n u t e s p u m p i n g t o r e m o v e g a s e o u s 
o x y g e n c o m p l e t e d t h e p u r i f i c a t i o n . T h e p u m p c o u l d t h e n b e t u r n e d o f f , 
a n d a s l o n g a s t h e o z o n e c e l l w a s k e p t w e l l i m m e r s e d i n l i q u i d n i t r o g e n 
t h e v a c u u m m a i n t a i n e d i t s e l f , s h o w i n g t h e s l o w r a t e o f d e c o m p o s i t i o n 
a t t h i s low t e m p e r a t u r e a n d t h e r e l a t i v e p u r i t y o f t h e o z o n e a s r e g a r d s 
t h e o t h e r p e r m a n e n t g a s e s . 
L i q u i d o z o n e , e v e n m o r e t h a n o z o n e g a s , i s a s h o c k s e n s i t i v e 
h i g h e x p l o s i v e w i t h a v e r y l o w a c t i v a t i o n e n e r g y . I t l i b e r a t e s Jli.d 
k i l o c a l o r i e s p e r m o l e o n d e c o m p o s i t i o n . S i n c e s o l i t t l e s h o c k i s 
n e c e s s a r y t o d e t o n a t e i t a s t o m a k e i t o f t e n s e e m t o d e c o m p o s e s p o n ­
t a n e o u s l y , t h e p r o b l e m o f h o w t o r e g a s i f y t h e p u r e o z o n e w a s a s e r i o u s 
o n e . I n d e e d , s e v e r a l c e l l s w e r e l o s t b y s u c h e x p l o s i o n s , a l o n g w i t h 
t h e D e w a r f l a s k s , a n d t h e w o r t h o f t h e s a f e t y s h i e l d a n d t h e e x p l o s i o n 
t r a p s w a s a m p l y d e m o n s t r a t e d . T h e a r m o r g l a s s w a s h e a v i l y p i t t e d a n d 
c r a c k e d b y t h e e x p l o s i o n s , n o n e o f w h i c h c o n c e r n e d a s m u c h a s a h a l f 
m i l l i l i t e r o f l i q u i d o z o n e . 
A n a p p a r e n t l y s a t i s f a c t o r y a n s w e r t o t h e p r o b l e m w a s f o u n d b y 
a c c i d e n t . T h e s i l i c o n e s t o p c o c k g r e a s e e m p l o y e d w a s a t t a c k e d b y t h e 
o z o n e a n d o x i d i z e d t o a f l u f f y w h i t e s i l i c a g e l . S o m e o f t h i s w a s 
s w e p t a c c i d e n t a l l y i n t o t h e c o n d e n s i n g c e l l b y t h e g a s s t r e a m . T h i s g e l 
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s e e m s t o a c t a s a n i n h i b i t o r f o r t h e d e c o m p o s i t i o n , p r o b a b l y b y o f f e r i n g 
a n a d s o r b i n g s u r f a c e f r o m w h i c h t h e o z o n e m a y f u m e o f f w i t h o u t e v e r b e ­
i n g p r e s e n t i n b u l k l i q u i d f o r m . T h i s c e l l w a s s u b j e c t e d t o r e l a t i v e l y 
r i g o r o u s t e s t s t o d e t e r m i n e t h e p r o t e c t i v e p o w e r o f t h i s g e l . L i q u i d 
o z o n e w a s a l l o w e d t o w a r m t o r o o m t e m p e r a t u r e b o t h u n d e r v a c u u m a n d a t 
n o r m a l p r e s s u r e , w i t h o u t a n y u n t o w a r d e f f e c t . T h a t i t i s n o t a c o m p l e t e 
a n s w e r i s e v i d e n c e d b y t h e f a c t t h a t u n d e r e x t r e m e c o n d i t i o n s o f t e m p ­
e r a t u r e c h a n g e t h e c e l l w a s f i n a l l y d e s t r o y e d , b u t i n c o m p a r i s o n t o t h e 
u n p r o t e c t e d c e l l , t h e o n e c o n t a i n i n g s i l i c a w a s m u c h l e s s s e n s i t i v e 
t o h a n d l i n g . 
A f t e r a l l t h e o x y g e n h a d b e e n r e m o v e d f r o m t h e c o n d e n s i n g c e l l b y 
f r a c t i o n a t i o n , o n l o w e r i n g o f t h e l i q u i d n i t r o g e n f l a s k s o t h e c o n d e n s e r 
b u l b s t o o d f r e e I n t h e c o l d a i r c o l u m n i n s i d e t h e D e w a r f l a s k , t h e o z o n e 
w o u l d g r a d u a l l y w a r m u p a n d f u m e o f f . I t c o u l d t h e n b e l e d i n t o t h e 
p r e v i o u s l y e v a c u a t e d o p t i c a l c e l l b y h a v i n g o p e n t h e c o n n e c t i n g s t o p c o c k . 
V ' h e n s u f f i c i e n t o z o n e p r e s s u r e h a d b e e n r e a c h e d i n t h e o p t i c a l c e l l , 
c l o s i n g o f t h e s t o p c o c k a n d r e i m m e r s i o n o f t h e c o n d e n s e r i n t h e l i q u i d 
n i t r o g e n r e c o n d e n s e d t h e e x c e s s o z o n e a n d 3 t o r e d i t f o r f u r t h e r u s e . 
I n g e n e r a l , t h e v a r i o u s e x p o s u r e s w e r e m a d e i n t h e s a m e w a y . T h e 
p r e s s u r e s o f g a s e s i n t h e o p t i c a l c e l l b e i n g a r r a n g e d b y l e t t i n g i n a p ­
p r o p r i a t e a m o u n t s o f e a c h , t h e l a m p w a s t u r n e d o n a n d t h e f i l m e x p o s e d 
f o r a s t a n d a r d t i m e t h r o u g h a s t a n d a r d s l i t . . . i t h t h e s h o r t c e l l s , 3 0 
s e c o n d s w a s f o u n d s u f f i c i e n t ; v / i t h t h e l o n g c e l l , e x p o s u r e s u p t o t w o 
h o u r s w e r e n e c e s s a r y i n s o m e c a s e s . A f i d u c i a l e x p o s u r e o f t h e i r o n o r 
m e r c u r y a r c w a s m a d e f i r s t , t h e n u p t o e i g h t o f t h e o z o n e c e l l o n a 
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s i n g l e s t r i p of f i lm . 
Development was as near ly reproducib le as p o s s i b l e . The film 
was developed s i x minutes in f resh D-19 developer , washed one minute, 
f ixed four minutes , then washed and d r i ed , a f t e r which i t was mounted 
in the densi tometer frame to s e t to s i z e . S l i g h t dev i a t i ons in s i z e 
were noted from film to f i lm, but these d e v i a t i o n s were taken in to 
account au tomat i ca l ly when the wavelength s ca l e was a p p l i e d . 
Several experimental d i f f i c u l t i e s a r o s e in connection with the 
photographic technique which made i t necessary to tu rn f i n a l l y to a 
d i f f e r e n t t echnique . F i r s t , the spect rograph employed used a r e p l i c a 
g r a t i n g which introduced an i n t e r f e r e n c e phenomenon i n t o the d i spersed 
spectrum. This i n t e r f e r e n c e , which i s d iscussed more f u l l y in Appendix 
I , v/as of s u f f i c i e n t s t r e n g t h as to mask the r e l a t i v e l y weak band s t r u c ­
tu re due to the ozone absorp t ion completely, An exposure s u f f i c i e n t l y 
shor t to leave the i n t e r f e r e n c e s t r u c t u r e reso lved was too shor t to 
record the weaker ozone bands while one long enough to record the ozone 
bands would be completely burned out by the s t ronge r i n t e r f e r e n c e bands. 
Also, because of the s p i l l a g e of some mercury from a broken manometer, 
the f i lms used were s e n s i t i z e d and prefogged an u n c e r t a i n amount, a l ­
though the f i lm was s to red in a sepa ra te room. This was in some cases 
s u f f i c i e n t l y s e r ious as to make the exposure of no use for q u a n t i t a t i v e 
work. 
To remove some of these sources of e r r o r , va r ious methods were 
t r i e d , H S summarized in Appendix I I , a mask was made to mount in the 
spect rograph to suppress the i n t e r f e r e n c e bands. This was only p a r t ­
ly succes s fu l , s ince the mask was a t bes t accura te for only one fixed. 
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e x p o s u r e t i m e a n d s l i g h t d e v i a t i o n s w e r e s u f f i c i e n t t o r e i n t r o d u c e 
f a l s e b a n d s t r u c t u r e . A l s o , t h e l i g h t p a s s i n g t h r o u g h t h e m a s k w a s t o 
3ome e x t e n t d i f f u s e d , t h u s b r o a d e n i n g a n d w e a k e n i n g t h e a l r e a d y b r o a d 
a n d w e a k o z o n e b a n d s . 
P h o t o m e t r y o f t h e f i l m s w a s d o n e o n t h e i n s t r u m e n t d e s c r i b e d i n 
t h e s e c t i o n o n e q u i p m e n t , a g r a p h o f t h e i n t e n s i t y o f l i g h t t r a n s ­
m i t t e d b y t h e f i l m b e i n g o b t a i n e d . T o i n t e r p r e t t h e s e g r a p h s , i t w a s 
n e c e s s a r y t o c a l i b r a t e t h e s e n s i t i v i t y o f t h e f i l m a t v a r i o u s w a v e ­
l e n g t h s a s a f u n c t i o n o f w a v e l e n g t h a n d l i g h t i n t e n s i t y . T h i s w a s d o n e 
b y p r e p a r i n g a s e r i e s o f n e u t r a l f i l t e r s o f k n o w n p e r c e n t t r a n s m i s s i o n , 
m a k i n g a s e r i e s o f e x p o s u r e s t h r o u g h t h e s e f i l t e r s a n d g r a p h i n g t h e r e ­
l a t i o n s h i p b e t w e e n t h e l o g a r i t h m o f t h e p e r c e n t t r a n s m i s s i o n o f t h e 
n e u t r a l f i l t e r a g a i n s t t h e m e a s u r e d d e n s i t y o f t h e f i l m . S u c h g r a p h s 
w e r e m a d e a t 1 0 0 A n g s t r o m i n t e r v a l s f r o m A 5 0 0 t o 6 7 0 0 A n g s t r o m s . P r o m 
t h e s e g r a p h s , b y p u t t i n g i n v a l u e s f o r d e n s i t y o f a f i l m a t t h e g i v e n 
w a v e l e n g t h s , o n e c o u l d o b t a i n v a l u e s f o r t h e d e n s i t y o f t h e f i l t e r m e d ­
i u m , w h i c h S.n o u r c a s e w o u l d b e o z o n e , a t t h e s a m e w a v e l e n g t h s . P r o m 
t h e s e v a l u e s o f o p t i c a l d e n s i t y o f o z o n e , k n o w i n g t h e p r e s s u r e i n a t m o ­
s p h e r e s o f o z o n e p r e s e n t i n t h e c e l l a t t h e t i m e o f e x p o s u r e a n d t h e 
l e n g t h o f t h e c e l l i n c e n t i m e t e r s , i t w a s i m m e d i a t e l y p o s s i b l e t o o b ­
t a i n v a l u e s f o r t h e m o l a r e x t i n c t i o n c o e f f i c i e n t s o f o z o n e a t t h e s e 
w a v e l e n g t h s a n d c o n s t r u c t a g r a p h o f t h e m o v e r t h e r e g i o n m e a s u r e d . 
I n s p i t e o f t h e c o n s i d e r a b l e e f f o r t a n d t i m e e x p e n d e d i n t r y i n g 
t o e l i m i n a t e t h e v a r i o u s d i f f i c u l t i e s a t t e n d a n t u p o n t h i s p h o t o g r a p h i c 
m e t h o d o f m e a s u r i n g e x t i n c t i o n c o e f f i c i e n t s , w e w e r e f i n a l l y f o r c e d t o 
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conclude that the difficulties and uncertainties involved were too 
great to allow reliable measurements to be made with the equipment 
at hand and in the time available. Consequently We were obliged to 
abandon thi3 method and finish the investigation by use of a spec­
trophotometer. This instrument is described in Appendix VI. 
In using the recording spectrophotometer with which the work was 
finally completed, the machine was stabilized on dark current so that 
the dark current curve would fall on a convenient low range, and the in­
tensity of the light source adjusted by means of the slit to make the 
I q curve lie on the higher end of the range. Then after running a trace 
on the empty cell to obtain an I q curve, the ozone was allowed to enter 
the cell in the regular way, and a trace of I was immediately run. 
ozone 
These traces were converted into extinction coefficient graphs 
in the following way. The span from dark current curve to trace was 
measured on an exponential scale, the readings of I were subtracted 
from the corresponding I readings to give optical density, from which, 
o 
by Beer's Law, the extinction coefficients were obtainable, knowing the 
path length and the pressure of ozone. 
The region at 3 3 0 0 Angstroms was used as a relatively temper­
ature and pressure insensitive standard from which to calibrate a 
density versus pressure curve for ozone. Using this curve and taking 
a reading at 3 3 0 0 Angstroms for each run in the visible region, it was 
possible to correct graphically for decomposition of the ozone. 
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V I R E S U L T S A N D D I S C U S S I O N 
T h e f o l l o w i n g r e s u l t s w e r e o b t a i n e d f o r t h e t h r e e o b j e c t i v e s o f 
t h i s r e s e a r c h , w i t h t h e i n t e r p r e t a t i o n s g i v e n b e l o w . 
?ine S t r u c t u r e S e a r c h , A l t h o u g h H u m p h r e y a n d B a d g e r ^ " i n t h e i r w o r k o n 
t h e v i s i b l e s p e c t r u m o f o z o n e h a d s e a r c h e d f o r f i n e s t r u c t u r e a n d f o u n d 
n o n e , i t w a s t h o u g h t t h a t p o s s i b l y t h e i r f a i l u r e t o f i n d a n y w a s d u e t o 
u n f a v o r a b l e e x p e r i m e n t a l c o n d i t i o n s i n w h i c h t h e f i n e s t r u c t u r e w a s o b ­
s c u r e d b y b r o a d e n i n g d u e t o L o r e n t z p r e s s u r e e f f e c t a n d p o s s i b l y a l s o t o 
t h e f o r e i g n g a s p r e s e n t w h i c h m i g h t e x e r t a f o r c e - f i e l d o r S t a r k e f f e c t 
b r o a d e n i n g . I t w a s t h o u g h t t h a t p o s s i b l y b y w o r k i n g w i t h p u r e o z o n e a t 
s u f f i c i e n t l y l o w p r e s s u r e t o r e m o v e t h e p r e s s u r e b r o a d e n i n g a n d a n y p o s s ­
i b l e p e r t u r b a t i o n d u e t o f o r e i g n m o l e c u l e s , a n d a s u f f i c i e n t l y l o n g o p ­
t i c a l p a t h t o p r o v i d e s e n s i b l e a b s o r p t i o n , a c a r e f u l s u r v e y m i g h t r e v e a l 
r o t a t i o n a l f i n e s t r u c t u r e i n t h e v i s i b l e r e g i o n , p a r t i c u l a r l y i n t h e 
s t r o n g m a x i m a a t 5 7 7 0 a n d 6 0 1 0 a n g s t r o m s a n d l o n g e r w a v e l e n g t h s , w i t h a 
p o s s i b i l i t y o f i t s o c c u r e n c e a l s o a t t h e s h o r t w a v e l e n g t h e n d o f t h e 
r e g i o n , a r o u n d 4 8 0 0 A n g s t r o m s . T h e r e w a s l i t t l e c h a n c e o f t h e r e b e i n g 
a n y f i n e s t r u c t u r e i n t h e i n t e r m e d i a t e w a v e l e n g t h s , d u e t o p r e - d i s s o c i -
a t i o n . 
O z o n e m a y b e c o n s i d e r e d t o d e c o m p o s e p r i m a r i l y i n t o a n o x y g e n 
m o l e c u l e a n d a n o x y g e n a t o m , a s s h o w n i n T a b l e I o f A p p e n d i x I V , w i t h 
t h e c o n f i g u r a t i o n o f t h e d e c o m p o s i t i o n p r o d u c t s d e p e n d i n g o n t h e e n e r g y 
H u m p h r e y a n d R , B a d g e r , " A b s o r p t i o n S p e c t r u m o f O z o n e i n t h e 
V i s i b l e / ' J o u r n a l o f C h e m i c a l P h y s i c s , 1 5 : 794, (1947) 
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of dissociation. Consideration of thermochemical dat  gives the 
energies coresponding to the three lowest-lying decompositins as being respectively 1917 angstroms, 6l6 Angstroms and 467  Angstroms. If the ozone molecule is excited to a potential energy curve 
which is as high as one of these dissociation energies and if there is 
a second curve which aproaches the dissociation energy as a limit at high internuclear distances, then if the two excited level curves cross 
acording to the Franck-Condon principle, predissociation may occur. If the vibrational energy of the molecule is so low as not to reach the 
crossing point there wil be no predissociation and if there is sufi­
cient vibrational energy to make the molecule pas  the crossing very 
rapidly there may not be time for the rearngement necesary for the 
molecule to enter the dissociation curve and again there wil be no pre dissociation. If, however, the molecule spends an appreciable amount 
of time at the crossing, chances for the necesary rearngement are increased and predissociation wil probably occur. If predissociation 
occurs, generally it takes place before the molecule can complet  a ro­tation in the uper energ. state, so the rotational energy is not quan­tized, hence no rotational fine structure can appear. Hence, if in our 
case the ozone molecule is excited with light of suficient energy to just exced the 616  Angstrom dissociation level, chances for predis­
sociation are good. If on the other hand light of considerably more 
energy excites it, it might not predissociate fast enough to prevent leaving rotational fine structure. Ther  was therefore the possibilty that in the region around 
4 8 0 0 Angstroms there would be rotational fine structure due to high vi­
brational levels in the 6 1 6 6 Angstroms electronic band with not quite 
enough energy to decompose by the 4 6 7 7 Angstroms route. At wavelengths 
longer than 6 l 6 6 Angstroms, rotational structure would be due to mole­
cules with insufficient energy to reach the predissociation crossing. 
As a comparative example of predissociation one could consider the sulfur 
dioxide molecule, At about 2 8 0 0 - 2 6 0 0 Angstroms an apparent predissocia­
tion effect occurs in the band system. This has been shown by Franck, 
Sponer and Teller^ to be a spurious predissociation, actually caused by 
an abnormally large pressure broadening which becomes serious above 2 . 5 
millimeters. At 1 9 5 ° Angstroms appears the first true predissociation, 
which corresponds to the dissociation of the molecule into SO and 0. It 
was on the basis of this type of spurious predissociation that it was 
hoped the ozone spectrum would develop fine structure at low pressure. 
In order to test the equipment for resolving ability for fine 
structure such as ozone was expected to exhibit, a measurement was made 
on the fine structure in the red bands of NO . This molecule was chosen 
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as being very similar in weight and structure to the ozone molecule. 
The apical angle in N 0 ^ is 1 2 0 ° , compared to 1 0 0 - 1 2 7 ° for ozone, and 
the bonds are 1 , 1 5 Angstroms, compared to 1 . 2 - 1 . 2 7 angstroms for ozone. 
The molecular weight is 4 6 , compared to 4 8 for ozone. Therefore its 
H. Sponer, Molekulspektren, Ann Arbor: Edwards Brothers, 1 9 4 5 
V I B R A T I O N A L A N D R O T A T I O N A L S P A C I N G S S H O U L D B E V E R Y S I M I L A R I N S I Z E T O 
T H O S E O F O Z O N E . U P O N E X A M I N A T I O N O F T H E E X P O S U R E I T W A S F O U N D T H A T T H E 
A V E R A G E S P A C E B E T W E E N L I N E S W A S O F T H E O R D E R O F 2 T O 3 A N G S T R O M S , A N D 
T H E C L O S E S T M E A S U R E A B L E D O U B L E T W A S A B O U T . 9 A N G S T R O M S , I N T H E R E G I O N 
6 0 0 0 - 7 0 0 0 A N G S T R O M S . 
T H E L I M I T O F R E S O L U T I O N F O R T H E S P E C T R O G R A P H W A S S O M E W H A T B E L O W 
T H I S . U S I N G A G R A T I N G O F A B O U T 3 / 4 I N C H L E N G T H A N D 1 5 , 0 0 0 L I N E S P E R 
I N C H , T H E R E S O L U T I O N W A S E A S I L Y C A L C U L A T E D 
W H E R E X I S T H E W A V E L E N G T H , A X T H E R E S O L V A B L E D I F F E R E N C E I N W A V E L E N G T H , 
N T H E O R D E R O F S P E C T R U M U S E D A N D N T H E N U M B E R O F U S A B L E L I N E S O N T H E 
G R A T I N G . F O R X T H E R E G I O N A T 6 0 0 0 A N G S T R O M S , 
6 0 0 0 / A A - 1 . 3 / 4 ' 1 5 , 0 0 0 
A X = . 5 A N G S T R O M 
T H I S V A L U E W A S C H E C K E D E X P E R I M E N T A L L Y B Y M E A S U R I N G C L O S E D O U B L E T S I N 
T H E I R O N A R C I T W A S F O U N D T H A T L I N E S , 6 A N G S T R O M A P A R T W E R E C L E A R L Y 
R E S O L V A B L E V I S U A L L Y . T O T E S T T H E R E S O L V I N G P O W E R O F T H E D E N S I T O M E T E R , 
T H E S O M E W H A T L E S S I N T E N S E L I N E S I N T H E N 0 2 S P E C T R U M W E R E P H O T O M E T E R E D . 
A T L O W S P E E D O F T H E D R I V I N G M E C H A N I S M T H E F I N E S T R U C T U R E W A S C L E A R L Y 
R E S O L V E D . 
U S I N G A N O P T I C A L C E L L O F A P P R O X I M A T E L Y 1 7 M E T E R S L E N G T H A N D 
W O R K I N G A T P R E S S U R E S O F A B O U T O N E M I L L I M E T E R , W O R K I N G W I T H P U R E O Z O N E , 
A S E R I E S O F E X P O S U R E S W E R E M A D E A N D E X A M I N E D F O R P O S S I B L E F I N E S T R U C ­
T U R E . N O N E W A S F O U N D A N D N O A P P R E C I A B L E C H A N G E I N S H A P E O R I N T E N S I T Y 
27 
o f t h e s p e c t r u m from t h a t a t r e l a t i v e l y h i g h p r e s s u r e s was o b s e r v a b l e . 
T h e s e m e a s u r e m e n t s , h o w e v e r , were s u b j e c t t o c e r t a i n p o s s i b l e 
e r r o r s . F i r s t , t h e p r e s s u r e v/as m e a s u r e d w i t h a m e r c u r y m a n o m e t e r , 
s h i e l d e d o f c o u r s e by a d e c o m p o s e r . With t h i s a r r a n g e m e n t a n e i ' r o r 
o f , 5 m i l l i m e t e r v/as n o t i m p o s s i b l e . S i n c e t h e p r e s s u r e e f f e c t was 
e x p e c t e d t o o b s c u r e t h e f i n e s t r u c t u r e down t o a p r e s s u r e o f a b o u t 
t h i s m a g n i t u d e i t i s p o s s i b l e t h a t t h r o u g h some s y s t e m a t i c e r r o r t h e 
p r e s s u r e was a c t u a l l y o n t h e b o r d e r l i n e o f t h e p r e s s u r e damping and 
t h a t f u r t h e r r e d u c t i o n o f p r e s s u r e v/ould h a v e r e v e a l e d f i n e s t r u c t u r e . 
S e c o n d , t h e c e l l e m p l o y e d was o f s m a l l b o r e t u b i n g and i n t e r n a l 
r e f l e c t i o n s w e r e h i g h , r e d u c i n g t h e l i g h t i n t e n s i t y t o s u c h a d e g r e e 
t h a t e x p o s u r e t i m e s o f h o u r s w e r e n e c e s s a r y t o s e c u r e s u f f i c i e n t d a r k ­
e n i n g o f t h e f i l m , u s i n g t h e narrow s l i t n e c e s s a r y t o r e s o l v e t h e f i n e 
s t r u c t u r e . I n t h i s l a p s e o f t i m e a s i g n i f i c a n t amount o f t h e o z o n e 
i n i t i a l l y p r e s e n t c o u l d h a v e d e c o m p o s e d u n n o t i c e d s i n c e t h e r e was no 
p e r c e p t i b l e c o l o r t o t h e e m e r g e n t l i g h t . A l s o i n t h e t i m e o f t h e e x ­
p o s u r e any e x t r a n e o u s l i g h t w h i c h l e a k e d i n t o t h e s p e c t r o g r a p h c o u l d 
r a i s e t h e f o g l e v e l t o s u c h a n e x t e n t a s t o g r e a t l y d e s t r o y t h e c o n t r a s t 
b e t w e e n t h e l i n e s and t h e s p a c i n g s . 
T h i r d , t h e f i l m e m p l o y e d was o f r a t h e r c o a r s e g r a i n s i z e , s o 
t h a t f o r t h e somewhat f a i n t e x p o s u r e s o b t a i n e d , t h e i n d i v i d u a l g r a i n s 
b e i n g somewhat s e p a r a t e d p r e c l u d e d t h e u s e o f t h e e x t r e m e l y n a r r o w 
d e n s i t o m e t e r s l i t w h i c h was d e s i r a b l e f o r p h o t o m e t r y o f t h e s e f i l m s . 
•Vith a narrow s l i t , s t a t i s t i c a l l y t h e r e w e r e s o f ew g r a i n s b e t w e e n l i g h t 
and s l i t t h a t t h e p a s s a g e o f t h e i n d i v i d u a l g r a i n s a c r o s s t h e s l i t was 
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s u f f i c i e n t t o i n t r o d u c e a f a l s e f i n e s t r u c t u r e a p p e a r a n c e . D u e t o t h e 
n e c e s s a r i l y w i d e r s l i t u s e d t o d e c r e a s e t h i s e f f e c t , i t i s p o s s i b l e t h a t 
f i n e s t r u c t u r e a c t u a l l y p r e s e n t b u t v e r y f a i n t w o u l d n o t a p p e a r b e c a u s e 
o f t h e s l i g h t c h a n g e i n a v e r a g e f i l m d e n s i t y a s a n a r r o w a n d f a i n t l i n e 
c r o s s e d t h e w i d e 3 l i t . A l s o , e v e n w i t h a c o n s t a n t - v o l t a g e p o w e r s o u r c e 
t h e r e w e r e o c c a s i o n a l s m a l l e l e c t r i c a l i n s t a b i l i t i e s i n t h e r e c o r d e r 
c i r c u i t , d u e p o s s i b l y t o e l e c t r o n i c a n d s h o t n o i s e s i n t h e h i g h g a i n 
a m p l i f i e r u s e d , a l t h o u g h t h e s e r a n d o m n o i s e s w e r e i n f r e q u e n t a n d r e ­
l a t i v e l y s m a l l , t h e y c o u l d h a v e b e e n s u f f i c i e n t t o m a s k o r m a k e u n c e r ­
t a i n a s m a l l e f f e c t s u c h a s f i n e s t r u c t u r e m a x i m a . 
A f o u r t h f a c t o r w a s t h e t e m p e r a t u r e . W i t h t h e c e l l e m p l o y e d , 
t h e r e w a s n o m e a n s b y w h i c h t h e c e l l c o u l d b e m a i n t a i n e d a t a n y t e m p ­
e r a t u r e o t h e r t h a n t h a t o f t h e s u r r o u n d i n g a i r . 
P o s s i b l y i f p r o v i s i o n c o u l d b e m a d e f o r u s i n g a l o n g e r c e l l o f 
l a r g e r b o r e , c o o l e d t o a l o w t e m p e r a t u r e ; a n d a m o r e e f f i c i e n t s p e c t r o ­
g r a p h o r s p e c t r o p h o t o m e t e r , f i n e s t r u c t u r e m i g h t y e t b e f o u n d . 
E x t i n c t i o n C o e f f i c i e n t s J - r a p h . B o t h o f t h e p r i n c i p a l c o n t r i b u t o r s t o 
t h e s t u d y o f t h e v i s i b l e s p e c t r u m o f o z o n e , C o l a n g e a n d V a s s y , h a v e 
p u b l i s h e d t a b l e s o r g r a p h s c f e x t i n c t i o n c o e f f i c i e n t s f o r t h e s p e c t r u m 
i n t h i s r e g i o n . H o w e v e r , b o t h h a v e w o r k e d o n l y w i t h o z o n e - o x y g e n m i x ­
t u r e s o f u n c e r t a i n c o m p o s i t i o n a t a t m o s p h e r i c p r e s s u r e a n d u n m e a s u r e d 
i n t e r m o l e c u l a r e f f e c t o f t h e o x y g e n o n t h e o z o n e , a n d b o t h o b t a i n e d 
t h e i r c o e f f i c i e n t s b y u s e o f p h o t o g r a p h i c p h o t o m e t r y , w h i c h i s a d i f f i ­
c u l t t e c h n i q u e a n d s u b j e c t t o m a n y e r r o r s . F o r t h e s e r e a s o n s i t w a s 
f e l t d e s i r a b l e t o m a k e a s e r i e s o f m e a s u r e m e n t s o n p u r e o z o n e u n d e r 
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c o n t r o l l e d c o n d i t i o n s t o v e r i f y o r r e f u t e t h e i r f i n d i n g s , w h i c h a r e 
n o t i n g o o d a c c o r d . 
I n o r d e r t o o b t a i n a s t r u s t w o r t h y a g r a p h o f t h e m o l a r e x t i n c ­
t i o n c o e f f i c i e n t s o f o z o n e i n t h e r e g i o n u n d e r c o n s i d e r a t i o n a s p o s s i b l e , 
a l l t h e t r a c e s o f p u r e o z o n e m a d e w i t h t h e r e c o r d i n g s p e c t r o p h o t o m e t e r 
w e r e c o r r e c t e d t o a common p r e s s u r e o f f i v e c e n t i m e t e r s b y u s e o f t h e 
d e n s i t y - p r e s s u r e g r a p h f o r 3 3 0 0 a n g s t r o m s , a n d a n a v e r a g e v a l u e w a s 
t a k e n f o r t h e e x t i n c t i o n c o e f f i c i e n t a t e a c h w a v e l e n g t h . T h e f i n a l 
g r a p h v /as c o n s t r u c t e d f r o m t h e s e a v e r a g e v a l u e s . 
O v e r a l l , t h e r e w a s g o o d a g r e e m e n t f r o m o n e t r a c e t o a n o t h e r s o 
t h a t t h e a v e r a g e v a l u e g r a p h d i f f e r s o n l y s l i g h t l y f r o m a n y o f t h e i n ­
d i v i d u a l r u n g r a p h s . I n g e n e r a l t h e v a l u e s o b t a i n e d f o r t h i s g r a p h 
a g r e e m o r e c l o s e l y w i t h t h o s e g i v e n b y C o l a n g e t h a n w i t h t h e v a l u e s o f 
V a s s y , b u t t h i s i s n o t o f m u c h s i g n i f i c a n c e , s i n c e a c h a n g e i n p r e s s u r e 
o f t h e s u r r o u n d i n g g a s i n t h e c e l l w o u l d p r o d u c e s o m e c h a n g e i n t h e a b ­
s o r b i n g p o w e r o f t h e o z o n e , a n d b o t h C o l a n g e a n d V a s s y w o r k e d w i t h 
d i l u t e m i x t u r e s w h i c h w o u l d b e s u b j e c t t o t h i s e f f e c t . 
I n g e n e r a l c o n t o u r , t h e c u r v e o b t a i n e d i s i n t e r m e d i a t e b e t w e e n 
t h o s e o f C o l a n g e a n d V a s s y . I t e x h i b i t s s e v e r a l m i n o r m a x i m a , a s d o e s 
C o l a n g e ' s g r a p h , b u t s o m e w h a t d i s p l a c e d f r o m h i s a n d n o t s o p r o n o u n c e d . 
T h e m a j o r m a x i m a o b s e r v e d a t 6 0 1 0 , 5 7 7 0 , 5 3 5 0 a n d 5 ° 5 0 a n g s t r o m s a r e 
a g r e e d u p o n b y a l l t h r e e g r a p h s , a n d t h e i r l o c a t i o n s m i g h t p r e s u m a b l y 
b e r e a s o n e d t o b e w e l l k n o w n . T h e m i n o r m a x i m a , h o w e v e r , d o n o t a g r e e 
s o w e l l . T h e p r e s e n t g r a p h p l a c e s m a x i m a a t 5 4 8 0 , 5 2 0 0 , 4 9 3 0 , 4 . 7 0 0 a n d 
4 6 O O A n g s t r o m s , w h i c h p l a c e m e n t s h o u l d b e a c c u r a t e t o w i t h i n t e n A n g ­
s t r o m s o n e i t h e r s i d e . C o l a n g e p l a c e s m a x i m a a t 5 4 6 0 , 5 1 5 0 , 4 9 0 0 , 4 7 5 0 
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tlon, increasing it somewhat. To this second group belong argon, 
oxygen, nitrogen and carbon tetrachloride vapor. 
The remaining two gases, carbon dioxide and water vapor fall 
into the third group. These gases exert a considerably stronger 
effect on the ozone spectrum than those of the second group. Even at 
low pressures of about five centimeters or less they cause increase 
in the extinction coefficients of ozone of about twict* the magnitude 
of the change due to group tv/o gases, even when these are used at two 
atmospheres pressure. Of these gases, water has a dipole moment of 
I.85 Debyes and carbon D I O X I D E has a Z E R O D I P O L E M O M E N T , since it I S 
a linear symmetric molecule. It has, however, a considerable quadru­
pole moment due to the difference in electronegativity of carbon and 
oxygen. This might be expected by comparison with the carbonyl group 
in organic compounds, which has a dipole moment of 2.8 Debyes. 
This leads to the conclusion that there are two separate forces 
at work on the ozone molecule due to the foreign gas present. In the 
second group only one of these is important, namely a pure pressure 
force which might have the effect of forming a Van der "aals complex 
with the ozone molecule, due to a Le Chatelier type reaction. 
The other, and more interesting group would exert not only this 
pressure effect, but also a somewhat more powerful effect due apparently 
to a dipole-dipole or dipole-induced dipole type of interaction between 
the ozone molecule and the compressant gas molecules, to form a sort of 
solvated ozone molecule which has apparently much greater absorbing 
power. This I S in agreement with the findings of Kobinson in his work 
3 2 
on s o l u t i o n s o f o z o n e i n v a r i o u s s o l v e n t s . 
At f i r s t g l a n c e i t w o u l d s e e m t h a t c a r b o n t e t r a c h l o r i d e s h o u l d 
f a l l i n t o t h e s e c o n d r a t h e r t h a n t h e f i r s t g r o u p , a s c a r b o n d i o x i d e d o e s , 
s i n c e i t s h o u l d have a c o n s i d e r a b l e q u a d r u p o l e moment. P r o b a b l y t h e 
r e a s o n i t d o e s n o t w h i l e c a r b o n d i o x i d e d o e s i s t h a t w i t h c a r b o n d i o x i d e 
t h e m o l e c u l e i s s p i n d l e s h a p e d and t h e c e n t r a l c a r b o n , t o w h i c h t h e 
b o n d i n g i s a p p a r e n t l y a t t a c h e d , i s e x p o s e d t o a t t a c k on f o u r s i d e s . 
Carbon t e t r a c h l o r i d e , on t h e o t h e r h a n d , i s a s y m m e t r i c t e t r a h e d r o n 
w i t h t h e c a r b o n p l a c e d a t t h e c e n t e r and c o n s e q u e n t l y w e l l s h i e l d e d 
by c h l o r i n e a t o m s , s o t h a t s t e r i c a l l y t h e o z o n e i s p r e v e n t e d from 
c o m i n g w i t h i n b o n d i n g d i s t a n c e o f t h e c a r b o n . 
T h e s e o b s e r v a t i o n s a g r e e q u a l i t a t i v e l y w i t h t h e a p p e a r a n c e o f 
t h e s p e c t r u m i n t h e v i s i b l e r e g i o n . As shown i n T a b l e I, t h e r e g i o n 
a r o u n d 6 l 6 6 a n g s t r o m s c o r r e s p o n d s t o t h e amount o f e n e r g y r e q u i r e d t o 
d e c o m p o s e o z o n e i n t o o x y g e n a t o m s i n s t a t e s and o x y g e n m o l e c u l e s 
i n s t a t e s . Now s i n c e t h e g r o u n d s t a t e o f t h e o x y g e n m o l e c u l e i s 
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2. and f o r t h e o x y g e n a tom i t i s • T , by symmetry r u l e s i t i s n e c e s s a r y 
t h a t t h e g r o u n d s t a t e o f t h e o z o n e m o l e c u l e be a "^ A-^  s t a t e , w h i l e t h e 
' ' " A and ^P d e c o m p o s i t i o n c o r r e s p o n d s t o a s t a t e , and o r d i n a r i l y a 
t r a n s i t i o n s u c h a s t h i s i s f o r b i d d e n on t h e b a s i s o f t h e n e c e s s a r y 
c h a n g e o f m u l t i p l i c i t y . T h e r e i s , h o w e v e r , t h e p o s s i b i l i t y t h a t i n t h e 
p r e s e n c e o f a s t r o n g e l e c t r i c o r m a g n e t i c f i e l d s u c h a s w o u l d o b t a i n i n 
t h e v i c i n i t y o f an o s c i l l a t i n g d i p o l e , t h i s r u l e c o u l d be r e l a x e d s o m e ­
w h a t . T h i s c o u l d be due t o t h e f i e l d c h a n g i n g t h e e l e c t r o n i c c o n f i g u r ­
a t i o n and h e n c e t h e wave f u n c t i o n f o r t h e m o l e c u l e , s o t h a t i t w o u l d no 
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l o n g e r b e s t r i c t l y i n a A ~ s t a t e a n d c o u l d c h a n g e s o m e v / h a t i n t o t h e 
^ A ^ s t a t e n e c e s s a r y f o r t h e o b s e r v e d e n e r g y v a l u e s . A c c o r d i n g l y , i n 
t h e p r e s s u r e e f f e c t , t h e p r e s e n c e o f a d i p o l e c o u l d m a k e p o s s i b l e t h e 
3 
t r a n s i t i o n t o t h e e x c i t e d " a ^ s t a t e , c a u s i n g t h e a b s o r p t i o n i n t h e 
v i s i b l e r e g i o n , q u a l i t a t i v e l y , t h e s t r o n g e r t h e d i p o l e a t t r a c t i o n , 
t h e s t r o n g e r s h o u l d b e t h e t r a n s i t i o n , a n d h e n c e t h e g r e a t e r t h e a b ­
s o r p t i o n o f l i g h t . 
I n m a k i n g t h e v a r i o u s m e a s u r e m e n t s t h e r e g i o n a t 3 3 0 0 A n g s t r o m s 
w a s c h o s e n a s a r e l a t i v e l y p r e s s u r e i n s e n s i t i v e s t a n d a r d b y w h i c h t o 
m e a s u r e t h e a c t u a l a m o u n t o f o z o n e p r e s e n t . T h e s e n s i t i v i t y t o f o r e i g n 
g a s p r e s s u r e h e r e i s s m a l l a n d t h i s r e g i o n w a s u s e d r a t h e r t h a n t h e l e s s 
s e n s i t i v e r e g i o n a t 3 2 o o a n g s t r o m s b e c a u s e t h e l i n e s a t 3 3 ° 0 a r e b r o a d 
a n d t h e s e t t i n g o f w a v e l e n g t h a n d s l i t a r e n o t s o c r i t i c a l , w h e r e a s t h e 
s h a r p l i n e s a t 3 2 0 0 d e m a n d e x a c t l y r e p r o d u c i b l e s e t t i n g s . A l t h o u g h 
t h i s r e g i o n i s t e m p e r a t u r e s e n s i t i v e , t h e t e m p e i ' a t u r e v a r i a t i o n t h r o u g h ­
o u t t h e m e a s u r e m e n t s d i d n o t e x c e e d a d e g r e e o r s o , a n d w a s n e g l e c t e d . 
I n p r a c t i c e , a g r a p h o f d e n s i t y v e r s u s p r e s s u r e w a s m a d e a t 3 3 0 0 
A n g s t r o m s , u s i n g p u r e o z o n e . T h e n w h e n a p r e s s u r e d e p e n d e n c e r u n w a s 
m a d e , a m e a s u r e m e n t t a k e n a t 3 3 ° ° e a c h t r a c e a l l o w e d t h e p r e s s u r e 
o f o z o n e t o b e f o u n d b y i n t e r p o l a t i o n o n t h e g r a p h . T h i s g r a p h i s 
s h o w n i n F i g u r e 1 2 , 
I n c a l c u l a t i n g r e s u l t s , t h e p r e s s u r e s w e r e c o r r e c t e d b y m e a n s o f 
t h e p r e s s u r e - d e n s i t y g r a p h , t h e n t h e t r a c e s w e r e a d j u s t e d t o m a k e t h e 
6 0 1 0 m a x i m a c o i n c i d e o n a l l t h e t r a c e s f o r a g i v e n s e t o f m e a s u r e m e n t s . 
I n g e n e r a l , t h e c h a n g e i n e x t i n c t i o n c o e f f i c i e n t s w a s s m a l l e s t a t t h i s 
3 4 
m a x i m u m a n d i n c r e a s e d a s o n e m e a s u r e d f a r t h e r f r o m t h i s p e a k i n 
e i t h e r d i r e c t i o n . 
a t a b l e o f m e a s u r e d e x t i n c t i o n c o e f f i c i e n t s f o r v a r i o u s p r e s s ­
u r e s o f o z o n e a n d f o r e i g n g a s i s g i v e n i n T a b l e I I , s h o w i n g t h e s m a l l 
m a g n i t u d e o f t h e e f f e c t a t 6 1 0 0 A n g s t r o m s . F r o m t h i s t a b l e a n d t h e 
i n d i v i d u a l g r a p h s m a y b e c a l c u l a t e d t h e e x t i n c t i o n c o e f f i c i e n t s 
f o r t h e v a r i o u s m i x t u r e s a t t h e p r e s s u r e s u s e d . 
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A P P E N D I X I 
A s t r o n g s e r i e s o f a p p a r e n t a b s o r p t i o n maxima were o b s e r v e d 
when t h e l i g h t s o u r c e a l o n e was p h o t o g r a p h e d on t h e p l a t e o f t h e 
s p e c t r o g r a p h and t h e s p e c t r u m d e n s i t o m e t e r e d . T h e s e maxima c o u l d n o t 
be due t o r e s i d u a l o z o n e o r some unknown g a s i n t h e c e l l s i n c e t h e y 
a p p e a r e d e q u a l l y s t r o n g l y w h e t h e r t h e c e l l was e v a c u a t e d or l e f t f u l l 
o f a i r . The s p a c i n g w a s e n t i r e l y wrong f o r i t t o h a v e b e e n a p o l a r ­
i z a t i o n e f f e c t . A f t e r c o n s i d e r a b l e e x p e r i m e n t a t i o n , an a p p a r e n t l y c o r ­
r e c t s o l u t i o n was f o u n d f o r t h e phenomenon . The s p e c t r o g r a p h i n u s e 
was e q u i p p e d w i t h a r e p l i c a r e f l e c t i o n g r a t i n g , w h i c h c o n s i s t e d o f a 
c o l l o d i o n f i l m b e a r i n g t h e r u l e d s u r f a c e , w h i c h was c e m e n t e d t o a c o n ­
c a v e m i r r o r o f c o r r e c t c u r v a t u r e . As t h e l i g h t from t h e s l i t p a s s e d 
t h r o u g h t h e c o l l o d i o n f i l m t o t h e r u l e d s u r f a c e and b a c k o u t , i t s u f f e r e d 
i n t e r f e r e n c e s i m i l a r t o t h e f a m i l i a r N e w t o n ' s r i n g s phenomenon . I f we 
r e p r e s e n t t h e a n g l e o f i n c i d e n c e o f t h e l i g h t a s \p and t h e a n g l e o f 
r e f l e c t a n c e a s if, and t h e t h i c k n e s s o f t h e f i l m a s L, t h e n i f two r a y s 
o f l i g h t s t r i k e t h e c o l l o d i o n , o n e o f them b e i n g r e f l e c t e d from t h e 
f r o n t s u r f a c e and t h e o t h e r from t h e b a c k s u r f a c e , t h e e x c e s s g e o m e t r i c a l 
p a t h t r a v e l e d by t h e r e a r r a y w i l l be 
c o s c o s if ^  
The e x c e s s o p t i c a l p a t h w i l l be a p p r o x i m a t e l y 2nL, where n =: 1 . 5 i s t h e 
r e f r a c t i v e i n d e x o f c o l l o d i o n . I f k i s t h e o r d e r o f i n t e r f e r e n c e , 
A i s t h e w a v e l e n g t h o f t h e l i g h t and V*it3 f r e q u e n c y , t h e n 
Hence 
:., = k - ( k - l ) 
= 2nL( l / X i - 1 / A 2 ) 
= 2nL^A/ A 2 
= 2 N L A V 
I f A"V i s a p p r o x i m a t e l y 1 0 0 0 c e n t i m e t e r s " ^ - and e q u a l t o ^tyA2 
1 s 2 N L * 1 0 0 0 
L = 1 / 3 0 0 0 
= 3 . 3 m i c r o n s 
Then t h e w a v e l e n g t h s a t w h i c h r e i n f o r c e m e n t w i l l o c c u r , c a u s i n g maxima, 
w i l l be 
A (maximum) = 2 N L / k 
« * 1 0 m i c r o n s / k 









6 6 7 0 A n g s t r o m s 6 6 7 0 A n g s t r o m s 
6 2 5 0 
5 ^ 9 0 
5 5 5 0 
5 2 6 0 
5 0 0 0 
4 7 6 0 
4 5 5 0 
6 2 5 0 
5 8 9 0 
5 5 5 0 
5 2 6 0 
5 0 0 0 
4 7 6 0 
4 5 5 0 
T h e s e v a l u e s c o r r e s p o n d t o w i t h i n t h e e r r o r o f m e a s u r e m e n t . 
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APPENDIX I I 
In order to cancel out the f a l s e band s t r u c t u r e a r i s i n g from the 
i n t e r f e r e n c e a t the g r a t i n g , i t was thought t h a t a mask mounted in f ront 
of the f i lm might be employed. This mask was to be made of a f i lm ex­
posed the proper time and developed. Then the maxima would have exposed 
t h i s fi lm more s t rong ly and i t would be darkes t r i g h t a t the maxima. To 
compute the c o r r e c t exposure t ime, assuming the r e c i p r o c i t y law to hold 
f a i r l y we l l , we s e t up the fol lowing computat ions, in which A i s the 
wavelength of l i g h t , V i s the gamma of the f i lm. 
At the s l i t , the l i g h t i n t e n s i t y i s E ( A ) 
a t the f i lm, the l i g h t i n t e n s i t y i s E " ( A ) 
The mask has T ' ( A ) from previous exposure E 1 { A ) 
Then the c h a r a c t e r i s t i c s of the Hur ter and D r i f f i e l d curve fo r the f i lm 
are 
- l og T = tf(log E - log E ) 
- tflog E - c 
where E q i s the i nc iden t l i g h t and E i s the t r a n s m i t t e d l i g h t i n photo­
metry of the f i lm. So 
- l o g T « ( X ) « Y ( l o g E 1 - l o g E ) 
- n o g e 1 -c 
At the f i lm, with the mask in p l ace , 
log E " ( A ; =r log E ( X ) * log V ( A ) 




- l o g T » U ) ~ * l o g ;:"(X) - c 
= * l o g E(A) t K C - * 2 E'U) - C 
s * l o g S f t ) - Jf 2 l o g S ' U ) + (If - l ) C 
F o r - l o g T" t o be c o n s t a n t , h e n c e f o r t h e f a l s e b a n d s t o be e x a c t l y -
s u p p r e s s e d 
* l o g S(A) - tf^log E ' (X) ^ 0 
l o g E 0 0 / l o g Si1 (A) 
Hence 
D " G (3f - 1) 
* (V - l ) l o g E 
* - l o g T " / T Q 
P l o t t i n g D a 3 f u n c t i o n o f l o g t i m e t and m e a s u r i n g a s t h e s l o p e o f 
t h e c u r v e , t h e n i f t h e c u s t o m a r y e x p o s u r e t i m e t i s 30 s e c o n d s , t h e c o r ­
r e c t e x p o s u r e t i m e t ^ f o r t h e mask i s g i v e n by 
l o g 30/ l o g t 
With t h e f i l m u s e d , was a p p r o x i m a t e l y o n e , s o % was a b o u t 30 s e c o n d s 
a l s o . I n p r a c t i c e , a 9 s e c o n d e x p o s u r e was a b o u t t h e b e s t . T h i s w o u l d 
i m p l y t h a t t h e r e c i p r o c i t y l a w was n o t h o l d i n g t o o w e l l f o r o u r work . 
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APPENDIX I I I 
The c a l c u l a t i o n s i n v o l v e d i n t h i s work w e r e a l m o s t e x c l u ­
s i v e l y r e p e t i t i v e a p p l i c a t i o n s o f t h e B e e r - L a m b e r t r e l a t i o n s . As 
an e x a m p l e , a s sume t h e f o l l o w i n g d a t a : 
At f i v e c e n t i m e t e r s p r e s s u r e o f o z o n e i n a c e l l 1 2 1 c e n t i ­
m e t e r s l o n g , t h e m e a s u r e d i n t e n s i t y o f l i g h t was f o u n d t o be A & . 8 
w h i l e t h a t o f t h e l i g h t s o u r c e t h r u t h e empty c e l l was m e a s u r e d 
a s 8 7 , b o t h i n t e n s i t i e s b e i n g on t h e same a r b i t r a r y s c a l e . T h e n , 
by B e e r ' s e q u a t i o n , 




D ~ - l o g T 
r= l o g I - l o g I 
0 
- . 3 9 0 
Now by t h e r e l a t i o n 
= O C P L 
i n w h i c h P i s t h e p r e s s u r e i n a t m o s p h e r e s and L i s t h e l e n g t h o f t h e 
o p t i c a l p a t h i n c e n t i m e t e r s , we f i n d 
* = D/PL 
= 4 9 x l O - 3 
i n w h i c h t h e u n i t s a r e r e c i p r o c a l c e n t i m e t e r a t m o s p h e r e s . 
APPENDIX IV 
TABLES AND GRAPHS 
hi 
TABLE I; Decomposition Methods and Energies for Ozone 






h 3 P 1.05 12000 A 
3P 2.0 6166 
>* h 3p 2.67 \ 4650 
z 3-0 \ 4140 
3-96 1 A Ij ! p Al A 2 B 2 3140 
A.62 S 2680 




T A B L E I I : E x t i n c t i o n C o e f f i c i e n t s f o r Ozone a t 6010 A n g s t r o m s 
E x t i n c t i o n P r e s s u r e o f P r e s s u r e o f 
C o e f f i c i e n t Ozone F o r e i g n Gas 
49 crn"" 1atm~ 1 4 cm -
51 4 79 cm H 
51 4 155 N 2 
49 4-45 -
49 4.45 3.5cm H 20 
49 -
48.5 5 8 cm CGI, 4 
49 5 -
46 •: 5 cm 0^ 
49 5 -
52 79 cm A 
49 S -
50 5 79 cm 0 2 
50.5 5 155 0 2 
W 4.45 
51 4.45 79 cm CO 
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T A B L E I I I : E x t i n c t i o n C o e f f i c i e n t s o f O z o n e i n t h e V i s i b l e R e g i o n 
a s f o u n d b y V a s s y , C o l a n g e a n d t h e a u t h o r . 
iVave l e n g t h V a s s y W i l s o n C o l a n g e 
46OQ Angstroms 4 crrf^ atnf"! 3.5 2.7 
4700 3.7 3.8 
4800 10 7.8 5 
4900 10 8 10.5 
5000 19 11.6 14 
510c 20.1 15.6 15 
5200 24.5 19.1 16.8 
5300 34-5 27.8 30.6 
5400 38.5 31 29.2 
5500 44 35 31.6 
5600 52.2 41. & 39 
5700 60.5 48.7 43.5 
5800 60.2 48 . 5 43.2 
5900 59 48.6 40.6 
6000 68.2 54.3 44.5 
6100 62.5 49.5 46.5 
6200 50 41 . 7 37.3 
6300 44 36.7 35.7 
O Z O N I Z I N G T R A I N 
C O N D E N S I N G C E L L 
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In order to convert the Beckman spectrophotometer, making 
it recording, it v/as necessary to add to it a self-balancing fol­
lower circuit. In the present case a 2 5 millivolt Brown Electro-
nik recording potentiometer was available. This instrument con­
tains a detecting circuit which receives the impulse being mea­
sured, amplifies it and passes on to a balancing circuit the 
necessary phase shift to cause the balancing motor to drive in 
the correct direction. 
Schematic diagrams of the detecting and balancing circuits 
as modified for automatic operation are shown in the two appended 
figures. As shown in the schematic diagram, these two circuits 
were separated and the voltage across the meter of the Beckman was 
impressed upon the detector circuit. Since the Beckman potential 
was about one volt and the range of the potentiometer was only 2 5 
millivolts, a bleeder circuit was connected in to furnish a variable 
bucking voltage sufficient to cancel the excess voltage. An atten­
uator potentiometer provided means for adjusting the scale span on 
the Brown instrument. 
To correct for a serious non-linearity in the light intensity 
6 2 
from the l i g h t source a t d i f f e r e n t wavelengths, as well as the non­
l i n e a r response of the p h o t o - c e l l to l i g h t of d i f f e r e n t wavelengths, 
a v a r i a b l e r e s i s t o r was in t roduced i n t o the balancing c i r c u i t . This 
cons i s t ed of a cam mounted on the wavelength d r i v e , the edge of the 
cam making contac t with a r a d i a l l y mounted wire-wound dividohm r e ­
s i s t o r , As the cam turned , i t s e c c e n t r i c i t y caused i t s edge to move 
along the r e s i s t o r , thus ac t i ng as a con t ro l l ed r h e o s t a t . The v a r i a ­
t i o n i n t h i s r e s i s t o r in t roduced or removed s u f f i c i e n t vo l tage from 
the balancing c i r c u i t to cancel out the n o n - l i n e a r i t y in the vo l tage 
of the l i g h t s o u r c e a n d p h o t o - c e l l , when u s e d with n o a b s o r b i n g m e d ­
ium in the o p t i c a l c e l l . This made the I curve for the machine be-
o 
come almost a s t r a i g h t l i n e with cons tant p o s i t i o n on the recorde r 
r e g a r d l e s s of wavelength, where before c o r r e c t i o n the I curve was 
sharply dependent on wavelength to determine i t s span. 
•i j 8 2.0 8 
6 3 
l.5v 
D E T E C T O R C I R C U I T 
8 ground 
2 5 
C O M P E N S A T I N G 
C A M ? 5 0 
10 
S L I D E W I R E 
IN 
B R O W N 
1 5 0 
1 0 0 0 
~ t — 1 5 v 
B A L A N C I N G C I R C U I T 
